Objective: This study examines the relationship between the results of in vitro determinations of carbohydrate digestion rates and the glycemic index. Subjects: Ten healthy non smoking men, aged between 21 and 24-y-old, were selected to participate in the study. Methods: Six different meals with similar lelvels of carbohydrates were assayed at breakfast in ten subjects and blood samples were obtained at 0, 15, 30, 60 and 120 min to determine glucose levels. The Englyst's enzymatic method was used in the in vitro study. The six meals were based in cereals (rice or spaghetti); legumes (lentil soup and beans with spaghetti); and potato (potato stew with meat and vegetables). Results: The meals showed different glycemic indices: rice and spaghetti based meals had lower values (mean value 31.4 and 42, respectiively); the intermediate values corresponded to lentil soup and the bean dish (49.3, and 76.8 respectively) and the higher glycemic index was shown by the potato based meal (82). Conclusions: A significant correlation was observed when the ratio of rapid carbohydrate digestion rate and the lente carbohydrate digestion rate was correlated with the glycemic index of the meals, but not when only the rapid carbohydrate digestion rate was considered. These results demonstrate a useful, simple and inexpensive method to estimate the biological response of high carbohydrate meals. Sponsorship:
Introduction
The postprandial glucose and insulin levels are physiological responses which, according to some authors, are directly related with the prevalence of chronic non-transmissible diseases, such as obesity, diabetes and cardiovascular diseases (Pawlak et al, 2001; Jarvi et al, 1999; Sigal et al, 1997; Despres et al, 1996) . When these responses are raised over a long period of time, insulin resistance may result, thus increasing the risk of developing these diseases (Wiseman et al, 1996; Hyggins et al, 1996; Byrnes et al, 1995) .
Several dietary factors are directly related to glycemic and insulin responses, such as carbohydrate intake and digestion rate, and the gastric emptying rate (Urooj & Puttaraj, 2000; Leinonen et al, 1999; Englyst et al, 1992; Hoover & Sorulski, 1991; Hermansen et al, 1986) . The digestion rate is affected by the physical and chemical characteristics of the food (Grandfelt et al, 1995 (Grandfelt et al, , 2000 Bjorck et al, 1994; Holt & Brand Miller, 1994; Grandfelt & Bjorck, 1991; Bjorck et al, 1989; Bjorck & Siljestrom, 1987) Glycemic index, determined by mantaining the carbohydrate intake constant, is the commonly used indicator in the study of the effect of food intake on glycemic response. The method is laborious and consequently some laboratories have developed in vitro enzymatic methods to determine the sensibility of food carbohydrates to in vitro enzymatic action (Englyst et al, 1992 (Englyst et al, ,1996 . The rationale behind these in vitro methods is that they may estimate the biological response because the carbohydrate sensibility to digestive enzyme action is an essential factor in both in vivo and in vitro responses. The in vitro method is used to classify food carbohydrates as rapid or slow digestion carbohydrates. Although several authors have demonstrated an association between glycemic index and the in vitro determinations (Englyst et al, 1992 (Englyst et al, ,1996 (Englyst et al, ,1999 Leinonen et al, 1999) , the results of other studies are controversial (Urooj & Puttaraj, 2000) . Most of the investigations associating the two were carried out using isolated foods as opposed to studying foods as they are commonly consumed, ie in mixed dishes.
The present investigation examines the relationship between the results of in vitro assays of carbohydrate digestion rates in traditional meals consumed by the Chilean population and the glycemic index of young normal male subjects.
Materials and methods
Ten healthy non smoking men, between the ages of 21 and 24 y old, were selected from volunteers at the University of Chile to participate in the study. According to the body mass index (BMI) taken for each subject, their nutritional status was normal. Their anthropometric measurements are given in Table 1 .
Diets
Six meals with similar carbohydrate contents were given as breakfast to 10 subjects in physiological fasted state. Breakfast was served at 9:00 am and consisted of traditional dishes based in cereals (rice or spaghetti); legumes (lentil soup or bean and spaghetti) and potatoes (potato stew with meat and vegetables or meat with mashed potatoes). The ingredients used to make each of these meals are listed in Table 2 . The carbohydrate and energy contents of each meal were 50 g of carbohydrates and 367 kcal, respectively.
The food composition and serving sizes of the meals served at breakfast are shown in Table 3 . It was not possible to make them identical in taste, texture, appearance and fat content, but all the meals were made of traditional dishes, and were well accepted by the subjects.
Insulinemic and glycemic responses
Subjects were in a physiological fasted state and at 9:00 h consumed the test meals in the laboartory in a randomized Determining carbohydrate digestion rate and glycemic response H Araya et al order at 1 -2 week intervals. They were instructed to consume all the food served in a period of 15 min. Blood samples were extracted from a catheter in the antecubital vein, using a disposable syringue, at 0 (basal), 15, 30, 60 and 120 min after the end of the meal. The blood was transferred in a plastic tube and were placed immediately in ice, then were centrifugated and serum samples were stored at 7 20 C. Blood glucose concentrations were determined with the GOD-PAP method using a Human Pharma Latina kit and insulin concentration using an enzyme inmunoassay kit (Abbott). The glycemic index (GI) was calculated from the 2 h incremental glucose area using wheat bread as the reference food (GI ¼ 100). The incremental area under the blood glucose response curve was calculated geometrically by applying the trapezoid rule. When a blood glucose value falls below the baseline, only the area above the fasting level is included. The insulinemic index was calculated similarly from the data of the insulin response curves with wheat bread as a reference.
In vitro measurements
The carbohydrate digestion rates were determined using the enzymatic method proposed by Englyst et al (1992) . The enzymes used were: amyloglucosidase from Sigma (catalog no. A-3042), invertase from Sigma (catalog no. p-4504) and pancreatine from Sigma (catalog no. P-1625). The enzyme mixture was prepared on the day of use. Samples were weighed taking into account an estimation of carbohydrate content in order to weigh less than 0.6 g of carbohydrate and were obtained from each prepared meal in order to determine the GI. A modification of the Englst's method was to increase the time of hydrolysis to 180 min. Cooked samples were minced in a food processor to obtain small particles, less than 1 cm.
Statistical analysis
Results were expressed as mean AE standard deviation. The correlation was calculated using the Pearson's method (Snedecor & Cochran, 1972) .
Results
The GI found are shown in Table 4 . The findings demonstrate higher values in one potato based meal (carbonada) and in a bean -spaghetti meal, intermediate values in the lentil-based meal and mashed potatoes and lower values in the cereal-based meals (rice and spaghetti).
The results of the in vitro assay are shown in Table 5 . Lower values of rapid digestion carbohydrates were found in cereal The ratio between rapid digestion and slow-digestion carbohydrate rates was lower for the cereal based meals, intermediate in the lentil based meal and mashed potatoes and higher in the other potato meal (carbonada) and beanspaghetti meal.
The correlation between rapid carbohydrate digestion rate and the GI indicated a direct, but not significant relationship. In contrast, when the ratio of rapid digestion and slow digestion carbohydrates obtained at 120 min of hydrolysis was compared with the GI, a significant correlation was found (Figure 1 ).
Discussion
The results of the present work demonstrate that a significant relationship exists between the results of the in vitro enzymatic essay and those of the GI determined for highcarbohydrate traditional Chilean meals. This relationship suggests that the carbohydrate digestion rate of mixed foods has a direct effect on the GI. Furthermore, this carbohydrate digestion rate depends on the culinary process used to prepare the meals.
In the study, two different expressions of the carbohydrate digestion rate for traditional meals were used when in vitro data were correlated with the biological results. When the percentage of rapid digestion rate carbohydrates, at 20 min of enzymatic assay, was compared there was no significant correlation. However, when the rapid=slow percentage ratio was used, a significant correlation was observed, suggesting that both types of carbohydrates influence the GI. This result contrasts with those derived from several studies that only include rapid digestion rate carbohydrates in their correlation with GI or a digestibility index (Englyst et al, 1992 (Englyst et al, , 1996 (Englyst et al, , 1999 .
The main ingredients of the essayed meals were cereals, legumes or potatoes. The GI was higher only in one of the potato meals and was concordant with published studies (Soh & Brand Miller, 1999; Foster-Powell & Brand Miller, 1995; Wolever, 1990) . Legume-based meals showed higher glycemic indices, especially, the bean -spaghetti meal, than those reported by several authors (Foster-Powell & Brand Miller, 1995; Wolever, 1990) , which could be explained in the case of lentil soup by the cooking procedure used; for example, lentils were prepared as a creamed soup instead of in their whole state. Some studies have demonstrated that, when foods are consumed in a ground state, the glycaemic response is higher. In the case of the bean -spaghetti meals, the beans were cooked in a pressure cooker, a method which may increase the gelatinization of the bean grain making a higher GI possible. In addition, the variety, in this study the white bean, may also have a quicker carbohydrate digestion rate.
In the case of the cereals the indices obtained in the rice meal were lower than those obtained in other works. It is likely that the variety of rice consumed in Chile as well as the cooking method used (the rice was first fried in vegetable oil and then cooked in water) may account for these results. Figure 1 Correlation between carbohydrate digestion rate, expressed as A=B ratio where A ¼ rapid digestion carbohydrates (%) and B ¼ lente digestion carbohydrate (%), and glycemic index. Each point represents the value for glycemic index for each subject after the consumption of the six meals tested; r ¼ 0.425, P < 0.001.
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Another interesting finding regarding the rice meal was the quick return in glucose to baseline levels shortly after the meal was consumed. The fall in glucose was produced in a much shorter time than with the meals with high glycemic indexes.
In the case of the spaghetti-based meal, the results obtained are similar to those reported by several studies (Grandfelt & Bjorck 1991; Foster-Powell & Brand Miller, 1995; Wolever, 1990) . The low values found can be explained by the type of spaghetti and also by the cooking time (7 min in boiling water, used in order to obtain spaghetti 'al dente').
It is important to point out that the findings from the in vitro assay showed the same tendencies as those from the GI. This is surprising because of the complex factors that influence the glycemic responses in humans vs those which affect isolated carbohydrate breakdown performed in the laboratory.
The results of this study make it possible to estimate the glycaemic responses in Chilean high carbohydrate meals using a rapid and non expensive method, and propose the ratio between rapid carbohydrate digestion rate and slow carbohydrate digestion rate as a new index to estimate GIs. In addition, the findings relating to the GI of traditional Chilean meals and the results of the in vitro methods are valuable for the food industry in estimating the healthiness of their high carbohydrate foods, as well as those who plan diets for school children in governmental and private food programs.
